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SUMMARY. 

The rate of contact oorrosion between D.T.D.118 magnesium alloy 
sheet and D. i.D. 327 aluminium alloy rivets was found to be. greater thc-n 
that between D.T.D.116 sheet and. D.T.D. 503 aluminium alloy rivets v;hjn 
subjected to a sea-water spray test.  This -«as so with "both stressed am. 
unstressed spooimens; both in conjunction with various protective paint 
ing schemes, and without protective paint. 

Visual examination w\a confirmed by strength tests on the corroded 
specimens and "by measurement of the depth of corrosion on the magnesium 
alloy sheet. 

The greater rate of corrobion with the D.T.D.327 riveta is consider, 
to be due to factors such as:- 

(a) lower hydrogen overvoltago with D.T.D.327 rivets than with D.T.D. 
303 rivets 

(b) a greater difference of potential between D.T.D.327 and D.T.D.113 
than between D.T.D.303 and D.T.D.118. 

It is concluded that D.T.D.32? riveta are unsuitable for replacing 
D.T.D.303 rivets where t'uoy are used fox joining D.T.D.118 sheet. 
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1     Introduction After   iXposure to high tr*>pical teiap«ratures, rivets to specilio.vtior. 
U.T.E.303» wbich-are made from  -n aluminium alloy containing % magnesium, 
are Habit to f di vy stress corrosion cracking.      It «as ausgested that 
those rivets which have Y.:en used for joining magnesium alloy sheet to 
specification D.T.D.11Ö, as viull as for joining aluminium \lloys, should 
bo replaced by rivetj rayde in a low copper dur.ui:..in typo alloy to D.T.0.3^7. 
It -«as suspected, however, that the contact corrosion between D.T.D.327 
and D.T.D.118 would b^ greater ttian that between D.T.D.303 and D.T.D.118, 

and tests were made to obtain evidence aa to whether this suspicion was 

justified. 
2  tTot-aration anä CorroAon oi' äeecirau-u- 

Each of 120 of the 132 apeoiuKno usea in the investigation consisted 
Of a pair of 3-4" * V * 16 S.Y.G. D. T.D.11Ö magnesium .aioy strips riveted 
end to Jtvl with either a D.T.D.303 or ü.T.D.327 rivet, and having a |" 
overlap.  In all case.- the htaijnesinn alloy sheet «es chromato treated to 
.Specification D.I.D.911 in ^at'u (iii) (hot half hour bath), and one of the 

follovdn.-; materials was uswi as a jointing coni>ounü. 
D.T.D.279B temporary metal protv-ctiv... (Lanolin pi.juented with 

zinc chrome^ 

o. 

Tn.569A "»^" ^TV^ 
(Loivoili^-l-^ 

iuia chroMftto.; zixi0 

/*•»    "solac" UBt-      ^Sj  \ 

^nations of the ^a thr 

Thu corrosion test £-,. £       ^ m^fggSL by 
daily with -Xv^rbotw-n fc^jTight «*. «- !*£«» 
during the tost var ^ a porxoa six aerie8 or jj, 1 
Stressing 3,Xty^P »        nw^-^'J^ &e other end,^^ of the 

linka «^o^eries *• ^'V I***   ^£tTfor      oh **>" °£ "" 
One end °* °^ghted lever.      £       ^      j00 lb.  f« 
Vy means oi  **""*£ tno join*. ttllr «msisting o1   " 
S* *•* •art"' ....   for observatio»Sii-^6

0|^G.riv. ted 
^Ove larger test £%$£ ^eta 9» * *,££ edg* w«re f£ 

«ith every 1.^•;;l ^th on the ri 

prom the hogM»-    " ^ vith the u^j w thc sne». -^     ^ 

rivet,  •*1B .    t 'Ehi" 1^.1-w- 
D.T.D.303 ".v.to. ^ 
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Fig. 1 shows a representative l'rora   ;iv     rou;   o!" tlv-.   sin.-le  riveted 
unstressed specimens after 2j> day» corrosion. 

Fig.2 shows the (visually) most oorroded and least corrodci of 
each group of five single riveted unstressed specimens after ej  ht  i     kfl 
corrosion. 

Fig. 3 ahoi-.s the same as Pig.2, 1 ut fOr tile stressed specimen?. 
(The marking at each end of those specimens are duo to paint I'rom the 
magnesium alloy links, and not to corrosion.) 

Fig. 4 shows four oi" the large painted specimens after eight weeks 
corrosion. 

3.2      Strength tests 

Afto-r eight weeks corrosion all the single riveted joints were test   1 
to destruction in tension (i.e.  with the rivet in shear)   wd the. results 
tabulated in Table II.      Three failur. a were due to the rivet shearing, 
2 to the sheet breaking at the pins and 115 to the sheet failing near t! . 
rivet. 

An analysis of variance was made to determine if observed stronj tl 
differences between .single factors were significant«      As was 3usp<. •      , 
the D.T.D.303 riveted joints were found to be stronger than the D.T.D. 327 
riveted joint3, the difference in strength beirw highly .aigtuficunt. 
It was also found that the difference in strength between painted ai»; un- 
pointed specimens was bighjrsignificant, the painted ones being the stron • 
and that the stressed specimens were significantly stronger than the un- 
stressed one3.      There was no significant difference in the strength of 
specimens treated with different jointing compounds.      That the stn ssed 
s^eoimens should be significantly stronger than the unstressed on^.; seems 
to indicate that the stressing caused v.-rk hardening of the magnesium 
alloy sheet. 

3.3     faeasureriient of Corrosion 

To verify the strength results,  the maximum depth of corrosion on 
the magnesium alloy sheet was measured on the following specinie-ns:- 

Spocimena Jäxoioined 

CD 22, 23, 24 
GH 22, 23, 24 

CD 32, 34   iF21 
GH 33, 3k   *F27 

CD 8, 9, 10 
GH 6, 8,    9 
AB 17, 16, 20 
SP 1?, 18, 20 

iiivet 

D.T.D.303) 
D. I.D. 327) 

D.T.D.303) 
D.T.D.327) 

D.T.D.303) 
D.T.D.327) 
D.T.D.303) 
D.-x'.D.327) 

Point 

Unpointed 

lnintud 

The  fractured specimens were cut longitudinally down the middle- of 
the strip,  the- rivet reiuoved and the out face of each strip i^'H«!»'I .-.»1 
projected on to the screen of a Vickers Projection liiorosoope.      The 
maximum depth of corrosion of each strip was measured.      This depth was 
found to be statistically significantly greater for the D.T.D.327 than for 
the D.T.D.303 riveted specimens, the average depths being 29$ and 12^ of 
the unoorroded thickness respectively. 

3,4     Miorosoopical Extimination of Rivets 

The rivet from eaoh of- the following sjponLmens was eot-mine-d    . 
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nioroocopicvLly to identify the type of corrosion« 

Uicro-Speciosns 

CD   22, 23, 24, 5 
GH   22, 23, 24 

CD 32, 24 EF21 
GH 33. 34 EP27 
EP    29 

Rivet 

D.T.D.303) 
D.T.D.327) 

D.T.D.303) 
D.T.D.327) 
D.T.D.327 

Stress 

Unstressed 

Stressed 

Stressed 

ialnt 

Unpainted 

Painted 

All the rivets showed some signs of picting corrosion, the 
D.T.D.327 rivets slightly more so than the D.T.D.303 rivets, but in 
neither type was there any susceptibility to intercrystalline corrosion, 
altiAugh there was some corrosion penetration at isolated places where 
the rivet head had been cold worked at formed and preformed heads.  At 
many of the- corners between head and shank large craoka were found, but 
these were attributed to either the riveting or strength testing.  CD5 
and CD22 wort, two of the three rivets which sheared during the strength 
tests and SP29 was the specimen which had the lowest strength.  None of 
these three showed corrosion characteristics different from the otüer rive;. 
(ihe low strength value of JS'29 and possibly one or two others was attributed 
to a possible crack in the sheet due to the specimen being bent during 
riveting.) 

3«5  Determination of Corrosion Current, aleotrode Potential and Over- 
voltage 

A circuit was arranged whereby the current flowing between a 
D.T.D.118 sheet and a rivet, placed in seawater, could be measured. 
••or this test all protective coatings were removed from the rivet and 
sheet, which were then placed about I3 inches apart in seawater.  The 
current flowing was measured over a period of hours by means of a record- 
ing milliammoter placed in the external circuit, the latter being of 
low resistance (0.055 ohms).  Shu large difference of current obtained 
using the two kinds of rivets (see Table III) caused determinations of 
eleotrode potential and overvoltage of the rivets to be made. 

The uleotrode potential in seawater of each type of rivet and of 
the sheet was measured by means of a valve potentiometer, the potentials 
being measured against a saturated calomel electrode with free access of 
air at 20°C.  The difference of potential of the D.T.D.327-D.T.D.118 
pair was found to be slightly largerthan that of the D.T.D.303-D.T.D. 118 
pair (see Table Hi) but this only partly explains the large difference 
of corrosion current. 

Hydrogen overvoltage is a factor which opposes the flew of corrosion 
current«  Hence, if the overvoltage with the D.T.D.327 rivets was nox aa 
high as that with the D.T.D. 303 rivets, this would also be a factor in 
explaining the much higher oorrosion ourrent vdth the D.T.D.327 rivets. 

The measurements of hydrogen overvoltage were carried out (at inter- 
vals during 24 hours) by the "direct" Method, i.e. with the polarising 
current flowing continuously and maintained at a constant value.  Aotual 
rivets and magnesium alloy sheet with protective costings removed were 
used as electrodes.  The seawater in whioh the metals wore immersed had 
been previously saturated with magnesium hydroxide by electrolysis using 
a. platinum cathode and magnesium anode.  The pM of the seawater \/as 
measured by means of the glass eleotrode before and after overvoltage 
measurements.  The overvoltagea were obtained by subtracting the 

r 
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potentials of the reversible hydrogen electrode in the same solution from 
the measured c&thodic potentials« while the hydrogen electrode potentials 
were obtained from the Observed pH values (see Table III). 

Aa was suspected the overvoltage with the D.T.D. 327 rlveta was 
found to be lower than with the D.T.D.303 rivets.      It was also observed 
that with the D.T.D.303 rivet the overvoltage rises with time while with 
the D.T.D.327 rivet it falls with time.      In addition, the overvoltage 
at the higher current dimity with the D.T.D.  327 rivets is, after 2U 
hours, not only lower than with the D.T.D.303 rivet, but also lower than 
with the D.T.D. 327 rivet at the lower current density.      This suggests 
that the effect of overvoltage is   cumulative. 

k     Conclusions 

The rate of corrosion in seawater between D.T.D.118 sheet and 
D.T.D.327 rivets was found to be greater than that between D.T.D.116 
sheet and D.T.D.303 rivets, the corrosion current with the D.T.D.327 
rivet being about 30 times that with the D.T.D.303 rivet ..hen in contact 
with the same magnesium alloy sheet. 

Experimental evidence has been obtained showing that this is duo toi- 

(a) Lower hydrogen overvoltage with the D.T.E. 327 rivt.ts than -..ith the 
D.T.D.303 rivets. 

(b) Greater difference of potential between D.T.D.327 rivota and 
D.T.D.118 sheet than between D.T.D.303 rivets and D.T.D.118 sheet. 

Factor (a) appears to be more important than factor (b). 

Microscopical examination revealed no tendency to intorcrystalline 
corrosion in either rivet, althoutfihad the D.T.D.303 rivets boon previously 
subjected to tropical temperatures this type of corrosion might have 
occurred. 

It is concluded that D.T.D.327 rivets are unsuitable for replacing 
D.T.D.303 ri.vet3 where they arj used for joining D.T.D.118 aheet. 
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TAK..-' IH 
Current ani rotential Measurement? on ii-iitnesium Alloy öhefct 

j.1. cor.t'-ft -if: Aiu£J.:;iui,. .—loy ..ivet. 

(a) H»aaurement of Jor.-oai.on Current 

Ihe current flowing between a D.T.D.327 rivet and D.T.D.118 sheet wh< 
placed about la" apart in seawater and connected externally \r\a about 30 
times as grout as the current flowing between a D.T.D.303 rivet \nd a 
D.T.D.11B sheet under similar conditions. 

(b) measurement of Potential Differences 

The potentials, measured in soawater with free access of air at 20 C., 
against a saturated calomel uleotrode were:-" 

D.T.D.303 rivet D.T.D.327 rivet D.T.D.118 sheet 

Potential -0.77 volt            -0.6/f volt -1.65 volt 

Hence P.D. between D.T.D.303 rivet and D.T.D.llfl 3heet • O.oC volts 
P.D. between D.T.D.327 rivet and D.T.D.118 sheet n 1.01 volts. 

(o) Mearuraimnt of OvervoltuKea 

Kivet D.T.D.303 D.T.D.327 

Experiment 

Current Density at Rivet 
(tilillirmp s/sq.. at) 

' ,0 

pH at beginning of experiment     9.70 9.70  9.70 | 9.80 ' 9.70 

pH at end of experiment 9.52' 9.54 I 9.52'. 9.53 i 9.52 
_ 1 ; 1 \ 

Overvoltage at beginning of 
experiment (voltö) 0.82   0.835'  0.80   0.80  , 0.93 

0v«rvolt-\ge at end of experiment 
(volta) 

0.92   0.925iO,63i0.i.35   O.Sk 

. 

1 
•Man 

• 
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stressed specimens both in conjunction with various protective painting schemes and without 
protective paint. Visual examination was confirmed by strength tests on corroded specimens 
and by measurement of depth of corrosion on magnesium alloy sheet. DTD 327 rivets are 
unsuitable for replacing DTD 303 rivets when used for joining DTD 118 sheet. 
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